1. The effects of acclimatization temperature on the catalytic properties of acetylcholinesterase from rainbow-trout brain were-examined. A number of studies have indicated the importance of changes in the central nervous system of fish during thermal acclianatization and the possible limiting role of the central nervous system in the overall acclimatization process. Prosser and coworkers (Roots & Prosser, 1962; Prosser & Farhi, 1965) have shown that the central nervous system of fish is more sensitive to temperature change than is the peripheral nervous system and, further, that the temperature for cold-block of a conditioned response in goldfish is affected by the temperature at which the response was established. Konishi & Hickman (1964) found that the midbrain response to electrical stimulation of the retina in rainbow trout kept at different temperatures showed compensatory changes in both nerve conduction velocity and central response times over an acclimatization period of several weeks.
A number of studies have indicated the importance of changes in the central nervous system of fish during thermal acclianatization and the possible limiting role of the central nervous system in the overall acclimatization process. Prosser and coworkers (Roots & Prosser, 1962; Prosser & Farhi, 1965) have shown that the central nervous system of fish is more sensitive to temperature change than is the peripheral nervous system and, further, that the temperature for cold-block of a conditioned response in goldfish is affected by the temperature at which the response was established. Konishi & Hickman (1964) found that the midbrain response to electrical stimulation of the retina in rainbow trout kept at different temperatures showed compensatory changes in both nerve conduction velocity and central response times over an acclimatization period of several weeks.
The molecular mechanisms underlying these effects are not known (Baslow, 1967) . In other systam, we have found that decreasing temperaturee alter enzyme-substrate affinities in a manner analogous to that of positive modulators. With several enzymes this effect is large enough to compensate completely for decreaed thermal energy (Behrisch, 1969; Eochachka & Somero, 1968) . In view of the important role of AChE* in neural transmission (Naehmansohn, 1968) 380mM-tris-HOl buffer, pH8.9), and tris-glycine tank buffer, pH8.9 (5mn-tris, 30mM-glycine). Gels were run for 90min at 3mA/tube and stained for esterase activity with a-naphthyl acetate (40mg/lOOml) and Fast Blue RR salt (70mg/lOOml) in 40mM-tris-HCl buffer, pH7.1 (Allen, Popp & Moore, 1965) .
RESULTS AND DISCUSSION
Multiple forms of trout brain AChE. At least seven bands of esterase activity were observed in trout brain extracts. Specific AChE bands were detected by inhibition with 0.1 mM-eserine and with 10,uM-284C51 [dimethobromide of 1,5-di-(N- allyl-N-methyl-p-aminophenyl)pentan-3-one; Burroughs Wellcome, Beckenham, Kent, U.K.]. AChE bands obtained with preparations from fish acclimatized to 2, 12 and 17°C are shown in Fig. 1 .
AChE from cold-adapted trout shows a distinctly slower migration rate than does the enzyme from warm-adapted fish; trout acclimatized to 12°C possess both enzyme types. These results were verified by subjecting mixtures of the brain extracts to polyacrylamide-gel electrophoresis.
Characterization of trout brain AChE enzymes. AChE enzymes have been defined by Augustinsson (1957) as eserine-sensitive esterases that are inhibited by high acetylcholine concentrations (generally 3-5 mM) and that split acetylcholine at a much higher rate than butyrylcholine. The compound 284C51 at concentrations of 1-10/AM gives about 100 000-fold greater inhibition of AChE than of other cholinesterases (Austin & Berry, 1953) .
Substrate-saturation plots for brain extracts from trout acclimatized to 2 and 17°C are shown in (Vroman & Brown, 1963 (Koster & Veeger, 1968; Massey, Curti & Ganther, 1966) . Evidence has been presented for similar temperature-dependent transitions between multiple forms of serum cholinesterase and AChE from erythrocytes (Main, 1969) . Activation energies obtained by drawing tangents to the curves at 2 and 17°C for AChE enzymes from 'warm -and 'cold'-adapted trout are given in Fig. 5 . The values for the two enzymes are not significantly different.
Effect of temperature on Km. The relationship between Km for acetylcholine and assay temperature for the brain preparations from trout acclimatized to 2 and 17°C are shown in Fig. 6 . It is apparent that, over the upper part of the biological thermal range, the affinities of the two trout enzymes for acetylcholine vary with temperature and approach maximal values (minimum Ki) at temperatures corresponding to those at which the fish were acclimatized. Similar relationships between habitat temperature and K. have been demonstrated for lactate dehydrogenases , pyruvate kinases , glucose 6-phosphate dehydrogenases and 6-phosphogluconate dehydrogenases (G. N. Somero, personal communication), fructose diphosphatases (Behrisch, 1969) and choline acetyltransferases (Hebb, Morris & Smith, 1969) the synaptic space of vertebrate motor end-plates (Namba & Grob, 1968 ) corresponds closely to the minimum K. values of both forms of trout AChE.
At lower thermal extremes the Km-temperature relationship is reversed. For the 'warm' form of the enzyme the Km rises sharply as the temperature falls below 150C, reaching an extrapolated Km at 8°C that is about 10 times the minimum value. Thus at 20C the Km of the enzyme would be so high as to make the enzyme essentially inactive at low and presumably physiological substrate concentrations.
A feature of the two forms of trout AChE is that the minimum values of the Km are similar, although they occur at very different temperatures. Thus at Km concentrations of substrate, the reaction catalysed by the 'cold' enzymes at 20C will proceed at a lower rate than the reaction catalysed by an equal amount of the 'warm' enzyme at 170C. There are)a number of factors that could conceivably act to raise the rate of acetylcholine hydrolysis in the cold acclimatization state. Hickman, McNabb, Nelson, Van Breeman & Comfort (1964) observed rapid changes in brain Na+ and K+ contents, and longerterm changes in brain C1-contents in rainbow trout transferred from 16 to 60C. Preliminary studies of the effect of ions on AChE from 2°C-adapted trout (Table 2) show that increasing ionic strength leads to a marked increase in both Km and Vmax. of acetylcholine hydrolysis. However, at lower acetylcholine concentrations the rate of the reaction generally decreases as ionic strength is increased.
An increase in intracellular and blood pH of about 0.014pH units/°C when the environmental temperature is lowered has been observed in several poikilotherms (Rahn, 1965; Reeves & Wilson, 1969) .
With trout AChE, a fall in temperature from 17 to 20C could result in a 12% increase in the rate of acetylcholine hydrolysis, if -the pH-activity relationship (Fig. 4) holds at physiological substrate concentrations. Another possibility is that rate compensation is achieved through an increase in the (Table 3) failed to show any significant difference in this species. The temperature-dependent production of isoenzymes displaying Km-temperature relationships similar to those ofthe trout brain AChE enzymes has been observedwith salmonid lactate dehydrogenases and pyruvate kinases (G. N. Somero, personal communication.) In all cases, the functional advantage of employing 'better' enzymes (as opposed to producing altered quantities of a single enzyme species) is not a decrease in QlO, for complete rate compensation would demand that the 'cold' isoenzymes have drastically lower Km values than the 'warm' isoenzymes. Rather, the primary function of the acclimatization process is the production of enzymes with K. values in a range likely to be optimum for regulation ofcatalytic activity. Thus small changes in substrate concentration or small change in K,. can lead to large changes in the activities of 'cold', but not of 'warm', forms of these enzymes at low temperatures. In evolutionary terms, it appears that there is a strong selection for enzymes permitting large changes in activity in response to physiological changes in substrate concentrations. This is reflected in the patterns of enzyme variants produced during acclimatization and those selected during evolutionary adaptation.
